
1 of 24 
 
 

 

Complete Summary  

GUIDELINE TITLE 

ACC/AHA guideline update on perioperative cardiovascular evaluation for 
noncardiac surgery: a report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines (Committee to Update the 
1996 Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac 
Surgery).  

BIBLIOGRAPHIC SOURCE(S) 

American College of Cardiology Foundation (ACCF), American Heart Association 
(AHA). ACC/AHA guideline update on perioperative cardiovascular evaluation for 
noncardiac surgery. A report of the American College of Cardiology/American 
Heart Association Task Force on practice guidelines (Committee to Update the 
1996 Guidelines). Bethesda (MD): American College of Cardiology Foundation; 
2002. 58 p. [390 references] 

COMPLETE SUMMARY CONTENT 

 SCOPE  
 METHODOLOGY - including Rating Scheme and Cost Analysis  
 RECOMMENDATIONS  
 EVIDENCE SUPPORTING THE RECOMMENDATIONS  
 BENEFITS/HARMS OF IMPLEMENTING THE GUIDELINE RECOMMENDATIONS  
 QUALIFYING STATEMENTS  
 IMPLEMENTATION OF THE GUIDELINE  
 INSTITUTE OF MEDICINE (IOM) NATIONAL HEALTHCARE QUALITY REPORT 
CATEGORIES  
 IDENTIFYING INFORMATION AND AVAILABILITY  

SCOPE 

DISEASE/CONDITION(S) 

• Cardiovascular diseases, including:  
• Coronary artery disease  
• Myocardial infarction  
• Angina pectoris  
• Heart failure  
• Arrhythmias and conduction defects  
• Hypertension  
• Cardiomyopathy  
• Valvular heart disease  
• Pulmonary vascular disease 

• Presence of implanted pacemakers and implantable cardioverter defibrillators 
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GUIDELINE CATEGORY 

Evaluation 
Management 
Risk Assessment 

CLINICAL SPECIALTY 

Anesthesiology 
Cardiology 
Emergency Medicine 
Family Practice 
Internal Medicine 
Nuclear Medicine 
Surgery 

INTENDED USERS 

Physicians 

GUIDELINE OBJECTIVE(S) 

• To provide a framework for considering cardiac risk of noncardiac surgery in a 
variety of patients and surgical situations  

• To guide preoperative evaluation to determine the patient's current medical 
status, make recommendations concerning the evaluation, management and 
risk of cardiac problems over the entire perioperative period, and provide a 
clinical risk profile that the patient, his or her primary physician, 
anesthesiologist, and surgeon can use in making treatment decisions that 
may influence short- and long-term cardiac outcomes 

TARGET POPULATION 

Patients undergoing noncardiac surgery 

INTERVENTIONS AND PRACTICES CONSIDERED 

Risk Assessment/Prognosis 

1. Clinical history  
2. Physical examination  
3. Stepwise approach to perioperative cardiac assessment (clinical markers, 

prior coronary evaluation and treatment, functional capacity, and surgery-
specific risk)  

4. Supplemental preoperative evaluation:  
a. Resting left ventricular function  
b. 12-lead electrocardiogram  
c. Exercise or pharmacological stress testing  
d. Myocardial perfusion imaging  
e. Dobutamine stress echocardiography  
f. Ambulatory electrocardiogram monitoring  
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g. Coronary angiography 

Management 

1. Perioperative therapy  
a. Surgical coronary revascularization: preoperative coronary artery 

bypass grafting (CABG); percutaneous transluminal coronary 
angioplasty (PTCA)  

b. Pharmacologic management: beta-blockers; alpha-2 agonists 
2. Management of specific preoperative cardiovascular conditions  
3. Anesthetic considerations and intraoperative management, including choice of 

anesthetic technique and agent, perioperative pain management, use of 
intraoperative nitroglycerin, transesophageal echocardiography, maintaining 
body temperature, and use of intra-aortic balloon counterpulsation devices  

4. Perioperative surveillance, including use of intraoperative pulmonary 
catheters, and ST-segment monitoring, and surveillance for perioperative 
myocardial infraction  

5. Postoperative and long-term management 

MAJOR OUTCOMES CONSIDERED 

• Positive and negative predictive value of tests for myocardial infarction or 
death  

• Short- and long term cardiac outcomes, such as perioperative cardiovascular 
morbidity (e.g., myocardial infarction) and mortality (e.g., cardiac death) 

METHODOLOGY 

METHODS USED TO COLLECT/SELECT EVIDENCE 

Hand-searches of Published Literature (Primary Sources) 
Hand-searches of Published Literature (Secondary Sources) 
Searches of Electronic Databases 

DESCRIPTION OF METHODS USED TO COLLECT/SELECT THE EVIDENCE 

The American College of Cardiology/American Heart Association Committee to 
Update the 1996 Guidelines on Perioperative Cardiovascular Evaluation for 
Noncardiac Surgery conducted a comprehensive review of the literature relevant 
to perioperative cardiac evaluation since the last publication of these guidelines in 
1996. Literature searches were conducted in the following databases: 
PubMed/MEDLINE, EMBASE, the Cochrane Library (including the Cochrane 
Database of Systematic Reviews and the Cochrane Controlled Trials Register), and 
Best Evidence (American College of Physicians-American Society of Internal 
Medicine). Searches were limited to the English language, 1995 through 2000, 
and human subjects. In addition, related-article searches were conducted in 
MEDLINE to find further relevant articles. Finally, committee members 
recommended applicable articles outside the scope of the formal searches. 

Major search topics included perioperative risk, cardiac risk, noncardiac surgery, 
noncardiac, intraoperative risk, postoperative risk, risk stratification, cardiac 
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complication, cardiac evaluation, perioperative care, preoperative evaluation, 
preoperative assessment, and intraoperative complications. Additional searches 
cross-referenced these topics with the following subtopics: troponin, myocardial 
infarction, myocardial ischemia, Duke activity status index, functional capacity, 
dobutamine, adenosine, venous thrombosis, thromboembolism, warfarin, 
percutaneous transluminal coronary angioplasty (PTCA), adrenergic beta-agonists, 
echocardiography, anticoagulant, beta-blocker, diabetes mellitus, wound infection, 
blood sugar control, normothermia, body temperature changes, body temperature 
regulation, hypertension, pulmonary hypertension, anemia, aspirin, arrhythmia, 
implantable defibrillator, artificial pacemaker, pulmonary artery catheters, Swan 
Ganz catheter, and platelet aggregation inhibitors. 

NUMBER OF SOURCE DOCUMENTS 

400 relevant, new articles were identified and reviewed by the committee for the 
update of the guideline. 

METHODS USED TO ASSESS THE QUALITY AND STRENGTH OF THE 
EVIDENCE 

Weighting According to a Rating Scheme (Scheme Not Given) 

RATING SCHEME FOR THE STRENGTH OF THE EVIDENCE 

Highest priority given to randomized trials; second highest priority given to 
observational database reports; lowest priority given to expert opinion 

METHODS USED TO ANALYZE THE EVIDENCE 

Systematic Review with Evidence Tables 

DESCRIPTION OF THE METHODS USED TO ANALYZE THE EVIDENCE 

The committee conducted a systematic review with thorough evaluation of 
available clinical data and compilation of these data into six evidence tables. 

METHODS USED TO FORMULATE THE RECOMMENDATIONS 

Expert Consensus 

DESCRIPTION OF METHODS USED TO FORMULATE THE 
RECOMMENDATIONS 

Experts in the subject under consideration are selected from the American College 
of Cardiology and the American Heart Association to examine subject-specific data 
and write guidelines. The process includes additional representatives from other 
medical specialty groups when appropriate. Writing groups are specifically 
charged to perform a formal literature review, weigh the strength of evidence for 
or against a particular treatment or procedure, and include estimates of expected 
health outcomes where data exist. Patient-specific modifiers, comorbidities, and 
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issues of patient preference that might influence the choice of particular tests or 
therapies are considered as well as frequency of follow-up and cost-effectiveness. 

RATING SCHEME FOR THE STRENGTH OF THE RECOMMENDATIONS 

Class I: Conditions for which there is evidence for and/or general agreement that 
the procedure or treatment is useful and effective. 

Class II: Conditions for which there is conflicting evidence and/or a divergence of 
opinion about the usefulness/ efficacy of a procedure or treatment. 

Class IIa: The weight of evidence or opinion is in favor of the procedure or 
treatment. 

Class IIb: Usefulness/efficacy is less well established by evidence or opinion. 

Class III: Conditions for which there is evidence and/or general agreement that 
the procedure or treatment is not useful/effective and in some cases may be 
harmful. 

COST ANALYSIS 

Implications of Risk Assessment Strategies for Costs 

The decision to recommend further noninvasive or invasive testing for the 
individual patient being considered for noncardiac surgery ultimately becomes a 
balancing act between the estimated probabilities of effectiveness vs. risk. The 
proposed benefit, of course, is the possibility of identifying advanced but relatively 
unsuspected coronary artery disease (CAD) that might result in significant cardiac 
morbidity or mortality either perioperatively or in the long term. In the process of 
further screening and treatment, the risks from the tests and treatments 
themselves may offset or even exceed the potential benefit of evaluation. 
Furthermore, the cost of screening and treatment strategies must be considered. 
Although physicians should be concerned with improving the clinical outcome of 
their patients, cost is an appropriate consideration when different evaluation and 
treatment strategies are available that cannot be distinguished from one another 
in terms of clinical outcome.  

Formal decision and cost-effectiveness analyses of this particular question have 
been done and have yielded highly varied results. Because the exact amount of 
risk reduction from coronary revascularization in the clinical populations differs so 
much from center to center, it is difficult to determine the exact risks of 
aggressive screening and treatments vs. the benefits in terms of risk reduction. 
Additionally, the models all demonstrate that optimal strategy depends on the 
mortality rates for both cardiac procedures and noncardiac surgeries in the 
clinically relevant range. One decision model, which did not support a strategy 
incorporating coronary angiography and revascularization, used lower mortality 
rates than those used or reported in the other studies. Therefore, use of any 
decision and cost-effectiveness model in a specific situation depends on the 
comparability of local mortality rates to those of the model.  
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One report suggested that the cost of a selected coronary screening approach, as 
described in these guidelines, was as low as $214 per patient. Several recent 
publications have shown a cost per year of life saved for this selected screening 
strategy of less than $45,000 when applied to patients undergoing vascular 
surgery. However, none of these studies included a strategy of selected screening 
followed by aggressive beta-blocker treatment in high-risk individuals, as recently 
described by Poldermans and colleagues. It is likely that this approach will be 
preferred over more aggressive coronary assessment/treatment strategies except 
perhaps among very high-risk subsets of patients. Prophylactic beta-blockade 
represents an excellent strategy in patients for whom coronary revascularization 
for long-term benefit is not a serious consideration.  

Postoperative and Long-Term Management  

In general, the indications for additional screening or testing in postoperative 
patients depend on individual patient characteristics. A recent decision-tree model 
was constructed to compare cost-effectiveness of various preoperative screening 
protocols in postoperative vascular surgery patients for up to 5 years after 
discharge. The best event-free survival and cost-effectiveness ratio were noted for 
selective preoperative stress testing (using dipyridamole-thallium imaging) in 
patients with intermediate clinical risk, whereas high-risk patients were referred to 
coronary angiography and low-risk patients were sent to elective surgery without 
further workup. This is the general approach suggested in these guidelines.  

METHOD OF GUIDELINE VALIDATION 

External Peer Review 
Internal Peer Review 

DESCRIPTION OF METHOD OF GUIDELINE VALIDATION 

This update was reviewed by two outside reviewers from the American Heart 
Association and two outside reviewers of the American College of Cardiology, as 
well as one reviewer of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines. It was approved by the American 
College or Cardiology Board of Trustees and the American Heart Association 
Science Advisory and Coordinating Committee. 

RECOMMENDATIONS 

MAJOR RECOMMENDATIONS 

Excerpted by the National Guideline Clearinghouse (NGC) 

Explanation of classification system for the guideline recommendations is provided 
at the end of the "Major Recommendations" field. 

General Approach 

The preoperative cardiac evaluation must be carefully tailored to the 
circumstances that have prompted the consultation and to the nature of the 
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surgical illness (e.g., acute surgical emergency) as opposed to urgent or elective 
cases. Successful perioperative evaluation and treatment of cardiac patients 
undergoing noncardiac surgery requires careful teamwork and communication 
between the patient, primary care physician, anesthesiologist, consultant, and 
surgeon. In general, indications for further cardiac testing and treatments are the 
same as those in the nonoperative setting, but their timing is dependent on such 
factors as the urgency of noncardiac surgery, the patient´s risk factors, and 
specific surgical considerations. Coronary revascularization before noncardiac 
surgery to enable the patient to "get through" the noncardiac procedure is 
appropriate only for a small subset of patients at very high risk. Preoperative 
testing should be limited to circumstances in which the results will affect patient 
treatment and outcomes. A conservative approach to the use of expensive tests 
and treatments is recommended. 

Preoperative Clinical Evaluation 

The initial history, physical examination, and electrocardiogram (ECG) assessment 
should focus on identification of potentially serious cardiac disorders, including 
coronary artery disease (CAD) [e.g., prior myocardial infarction (MI) and angina 
pectoris], heart failure (HF), symptomatic arrhythmias, presence of pacemaker or 
implantable cardioverter defibrillator (ICD), or a history of orthostatic intolerance. 
The presence of anemia may also place a patient at higher perioperative risk. 

In addition to identifying the presence of preexisting manifested heart disease, it 
is essential to define disease severity, stability, and prior treatment. Other factors 
that help determine cardiac risk include functional capacity, age, comorbid 
conditions (e.g., diabetes mellitus, peripheral vascular disease, renal dysfunction, 
and chronic pulmonary disease), and type of surgery (vascular procedures and 
prolonged, complicated thoracic, abdominal, and head and neck procedures are 
considered higher risk). 

Numerous risk indices have been developed over the past 25 years on the basis of 
multivariate analyses. In addition to the presence of CAD and heart failure, a 
history of cerebrovascular disease, preoperative elevated creatinine greater than 
2 mg per deciliter, insulin treatment for diabetes mellitus, and high-risk surgery 
have all been associated with increased perioperative cardiac morbidity. Despite 
these risk indices, there was consensus among the committee members to place 
clinical risk factors into 3 categories of predictors (see the section titled "Clinical 
Markers," below). 

Further Preoperative Testing to Assess Coronary Risk 

Which patients are most likely to benefit from preoperative coronary assessment 
and treatment? The lack of adequately controlled or randomized clinical trials to 
define the optimal evaluation strategy led to the proposed algorithm based on 
collected observational data and expert opinion (see Figure 1, Stepwise Approach 
to Preoperative Cardiac Assessment, in the original guideline document). Since 
publication of the guidelines in 1996, several studies have suggested that this 
stepwise approach to the assessment of CAD is both efficacious and cost-effective. 

A stepwise Bayesian strategy that relies on assessment of clinical markers, prior 
coronary evaluation and treatment, functional capacity, and surgery-specific risk 

http://www.acc.org/clinical/guidelines/perio/update/fig1.htm
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is outlined in Figure 1 in the original guideline document. A framework for 
determining which patients are candidates for cardiac testing is presented in 
algorithmic form (see Figure 1, Stepwise Approach to Preoperative Cardiac 
Assessment, in the original guideline document). Successful use of the algorithm 
requires an appreciation of the different levels of risk attributable to certain 
clinical circumstances, levels of functional capacity, and types of surgery. These 
are defined below, after which the algorithm is reviewed step by step. 

Clinical Markers 

The major clinical predictors (see Table 1, below) of increased perioperative 
cardiovascular risk are a recent unstable coronary syndrome such as an acute MI 
(documented MI less than 7 days previously), recent MI (more than 7 days but 
less than 1 month before surgery), unstable or severe angina, evidence of a large 
ischemic burden by clinical symptoms or noninvasive testing, decompensated 
heart failure, significant arrhythmias (high-grade atrioventricular block, 
symptomatic arrhythmias in the presence of underlying heart disease, or 
supraventricular arrhythmias with uncontrolled ventricular rate), and severe 
valvular disease. 

Intermediate predictors of increased risk are mild angina pectoris, a more remote 
prior MI (more than 1 month before planned surgery), compensated heart failure, 
preoperative creatinine greater than or equal to 2.0 mg per deciliter, and diabetes 
mellitus. Minor predictors of risk are advanced age, abnormal ECG, rhythm other 
than sinus, low functional capacity, history of stroke, and uncontrolled systemic 
hypertension. 

A history of MI or abnormal Q waves by ECG is listed as an intermediate predictor, 
whereas an acute MI (defined as at least 1 documented MI less than or equal to 7 
days before the examination) or recent MI (more than 7 days but less than or 
equal to 1 month before the examination) with evidence of important ischemic 
risk by clinical symptoms or noninvasive study is a major predictor. This definition 
reflects the consensus of the American College of Cardiology Cardiovascular 
Database Committee. In this way, the separation of MI into the traditional 3- and 
6-month intervals has been avoided. Current management of MI provides for risk 
stratification during convalescence. If a recent stress test does not indicate 
residual myocardium at risk, the likelihood of reinfarction after noncardiac surgery 
is low. Although there are no adequate clinical trials on which to base firm 
recommendations, it appears reasonable to wait 4 to 6 weeks after MI to perform 
elective surgery. 

Table 1. Clinical Predictors of Increased Perioperative 
Cardiovascular Risk (Myocardial Infarction, Heart Failure, 
Death) 

Major 

• Unstable coronary syndromes  
• Acute or recent myocardial infarction* with evidence of 

important ischemic risk by clinical symptoms or 
noninvasive study  

http://www.acc.org/clinical/guidelines/perio/update/fig1.htm
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• Unstable or severe** angina (Canadian class III or 
IV)*** 

• Decompensated heart failure  
• Significant arrhythmias  

• High-grade atrioventricular block  
• Symptomatic ventricular arrhythmias in the presence of 

underlying heart disease  
• Supraventricular arrhythmias with uncontrolled 

ventricular rate 
• Severe valvular disease 

Intermediate 

• Mild angina pectoris (Canadian class I or II)  
• Previous myocardial infarction by history or pathological Q 

waves  
• Compensated or prior heart failure  
• Diabetes mellitus (particularly insulin-dependent)  
• Renal insufficiency 

Minor 

• Advanced age  
• Abnormal ECG (left ventricular hypertrophy, left bundle-branch 

block, ST-T abnormalities)  
• Rhythm other than sinus (e.g., atrial fibrillation)  
• Low functional capacity (e.g., inability to climb one flight of 

stairs with a bag of groceries)  
• History of stroke  
• Uncontrolled systemic hypertension 

*The American College of Cardiology National Database Library 
defines recent myocardial infarction (MI) as greater than 7 days but 
less than or equal to 1 month (30 days); acute myocardial 
infarction is within 7 days.  
**May include "stable" angina in patients who are unusually 
sedentary.  
***Campeau L. Grading of angina pectoris. Circulation 
1976;54:522–3. 

Functional Capacity 

Functional capacity can be expressed in metabolic equivalent (MET) levels (see 
Table 2, below). Multiples of the baseline metabolic equivalent value can be used 
to express aerobic demands for specific activities. Perioperative cardiac and long-
term risks are increased in patients unable to meet a 4-metabolic equivalent 
demand during most normal daily activities. The Duke Activity Status Index and 
other activity scales provide the clinician with a set of questions to determine a 
patient´s functional capacity. Energy expenditures for activities such as eating, 
dressing, walking around the house, and dishwashing range from 1 to 4 metabolic 
equivalents. Climbing a flight of stairs, walking on level ground at 6.4 km per 
hour, running a short distance, scrubbing floors, or playing a game of golf 
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represents 4 to 10 metabolic equivalents. Strenuous sports such as swimming, 
singles tennis, and football often exceed 10 metabolic equivalents. 

Table 2. Estimated Energy Requirements for Various 
Activities* 

1 metabolic equivalent. Can you take care of yourself? Eat, 
dress, or use the toilet? Walk indoors around the house? Walk a 
block or two on level ground at 2 to 3 mph or 3.2 to 4.8 km per h? 

4 metabolic equivalents. Do light work around the house like 
dusting or washing dishes? Climb a flight of stairs or walk up a hill? 
Walk on level ground at 4 mph or 6.4 km per h? Run a short 
distance? Do heavy work around the house like scrubbing floors or 
lifting or moving heavy furniture? Participate in moderate 
recreational activities like golf, bowling, dancing, doubles tennis, or 
throwing a baseball or football? 

Greater than 10 metabolic equivalents. Participate in strenuous 
ports like swimming, singles tennis, football, basketball, or skiing? 

*Adapted from the Duke Activity Status Index (Hlatky MA, Boineau 
RE, Higginbotham MB, et al. A brief self-administered questionnaire 
to determine functional capacity [the Duke Activity Status Index]. 
Am J Cardiol 1989;64:651-4) and American Heart Association 
Exercise Standards (Fletcher GF, Balady G, Froelicher VF, Hartley 
LH, Haskell WL, Pollock ML. Exercise standards: a statement for 
healthcare professionals from the American Heart Association: 
Writing Group. Circulation 1995;91:580-615). 

Surgery-Specific Risk 

Surgery-specific cardiac risk of noncardiac surgery is related to 2 important 
factors: the type of surgery itself and the degree of hemodynamic stress 
associated with the procedures. The duration and intensity of coronary and 
myocardial stressors can be helpful in estimating the likelihood of perioperative 
cardiac events, particularly for emergency surgery. Surgery-specific risk for 
noncardiac surgery can be stratified as high, intermediate, and low (see Table 3, 
below). 

Table 3. Cardiac Risk* Stratification for Noncardiac Surgical 
Procedures 

• High (Reported cardiac risk often greater than 5%)  
• Emergent major operations, particularly in the elderly  
• Aortic and other major vascular surgery  
• Peripheral vascular surgery  
• Anticipated prolonged surgical procedures associated 

with large fluid shifts and/or blood loss 
• Intermediate (Reported cardiac risk generally less than 5%)  

• Carotid endarterectomy  
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• Head and neck surgery  
• Intraperitoneal and intrathoracic surgery  
• Orthopedic surgery  
• Prostate surgery 

• Low** (Reported cardiac risk generally less than 1%)  
• Endoscopic procedures  
• Superficial procedure  
• Cataract surgery  
• Breast surgery 

*Combined incidence of cardiac death and nonfatal myocardial 
infarction.  
**Do not generally require further preoperative cardiac testing. 

An algorithm for the Stepwise Approach to Preoperative Cardiac Assessment is 
available from the American College of Cardiology Web site. The following steps 
correspond to that algorithm: 

Step 1. What is the urgency of noncardiac surgery? Certain emergencies do not 
allow time for preoperative cardiac evaluation. Postoperative risk stratification 
may be appropriate for some patients who have not had such an assessment 
before. 

Step 2. Has the patient undergone coronary revascularization in the past 5 years? 
If so, and if clinical status has remained stable without recurrent symptoms/signs 
of ischemia, further cardiac testing is generally not necessary. 

Step 3. Has the patient had a coronary evaluation in the past 2 years? If coronary 
risk was adequately assessed and the findings were favorable, it is usually not 
necessary to repeat testing unless the patient has experienced a change or new 
symptoms of coronary ischemia since the previous evaluation. 

Step 4. Does the patient have an unstable coronary syndrome or a major clinical 
predictor of risk? When elective noncardiac surgery is being considered, the 
presence of unstable coronary disease, decompensated heart failure, symptomatic 
arrhythmias, and/or severe valvular heart disease usually leads to cancellation or 
delay of surgery until the problem has been identified and treated. 

Step 5. Does the patient have intermediate clinical predictors of risk? The 
presence or absence of prior MI by history or ECG, angina pectoris, compensated 
or prior heart failure, preoperative creatinine greater than or equal to 2 mg per 
deciliter, and/or diabetes mellitus helps to further stratify clinical risk for 
perioperative coronary events. Consideration of functional capacity and level of 
surgery-specific risk allows a rational approach to identify patients most likely to 
benefit from further noninvasive testing. 

Step 6. Patients without major but with intermediate predictors of clinical risk and 
moderate or excellent functional capacity can generally undergo intermediate-risk 
surgery with little likelihood of perioperative death or MI. Conversely, further 
noninvasive testing is often considered for patients with poor functional capacity 
or moderate functional capacity but higher-risk surgery, especially for patients 
with 2 or more intermediate predictors of risk. 

http://www.acc.org/clinical/guidelines/perio/update/fig1.htm
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Step 7. Noncardiac surgery is generally safe for patients with neither major nor 
intermediate predictors of clinical risk and moderate or excellent functional 
capacity (4 metabolic equivalents or greater). Additional testing may be 
considered on an individual basis for patients without clinical markers but with 
poor functional capacity who are facing higher-risk operations, particularly those 
with several minor clinical predictors of risk who are scheduled to undergo 
vascular surgery. 

Step 8. The results of noninvasive testing can be used to determine the need for 
additional preoperative testing and treatment. In some patients with documented 
CAD, the risk of coronary intervention or corrective cardiac surgery may approach 
or even exceed the risk of the proposed noncardiac surgery. This approach may 
be appropriate, however, if it significantly improves the patient´s long-term 
prognosis. 

For some patients, a careful consideration of clinical, surgery-specific, and 
functional status attributes leads to a decision to proceed to coronary 
angiography. 

Management of Specific Preoperative Cardiovascular Conditions 

Hypertension 

Stage 3 hypertension (systolic blood pressure greater than or equal to 180 mmHg 
and diastolic blood pressure greater than or equal to 110 mmHg) should be 
controlled before surgery. In many such instances, establishment of an effective 
regimen can be achieved over several days to weeks of preoperative outpatient 
treatment. If surgery is more urgent, rapid-acting agents can be administered 
that allow effective control in a matter of minutes or hours. Beta-blockers appear 
to be particularly attractive agents. Continuation of preoperative antihypertensive 
treatment through the perioperative period is critical. 

Valvular Heart Disease 

Indications for evaluation and treatment of valvular heart disease are identical to 
those in the nonpreoperative setting. Symptomatic stenotic lesions are associated 
with risk of perioperative heart failure or shock and often require percutaneous 
valvotomy or valve replacement before noncardiac surgery to lower cardiac risk. 
Symptomatic regurgitant valve disease is usually better tolerated perioperatively 
and may be stabilized preoperatively with intensive medical therapy and 
monitoring. Regurgitant valve disease can then be treated definitively with valve 
repair or replacement after noncardiac surgery. Medical therapy and monitoring 
are appropriate when a delay of several weeks or months before noncardiac 
surgery may have severe consequences. Exceptions may include severe valvular 
regurgitation with reduced left ventricular function, in which overall hemodynamic 
reserve is so limited that destabilization during perioperative stresses is likely. 

Myocardial Disease 

Dilated and hypertrophic cardiomyopathy are associated with an increased 
incidence of perioperative heart failure. Management is aimed at maximizing 
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preoperative hemodynamic status and providing intensive postoperative medical 
therapy and surveillance. An estimate of hemodynamic reserve is useful for 
anticipating potential complications from intraoperative or postoperative stress. 

Arrhythmias and Conduction Abnormalities 

The presence of an arrhythmia or cardiac conduction disturbance should provoke 
a careful evaluation for under-lying cardiopulmonary disease, drug toxicity, or 
metabolic abnormality. Therapy should be initiated for symptomatic or 
hemodynamically significant arrhythmias, first to reverse an underlying cause and 
second to treat the arrhythmia. Indications for antiarrhythmic therapy and cardiac 
pacing are identical to those in the nonoperative setting. Frequent ventricular 
premature beats and/or asymptomatic nonsustained ventricular tachycardia have 
not been associated with an increased risk of nonfatal MI or cardiac death in the 
perioperative period, and therefore, aggressive monitoring or treatment in the 
perioperative period generally is not necessary. 

Implantable Pacemakers or Implantable Cardioverter Defibrillators 
(ICDs) 

The type and extent of evaluation of a pacemaker or implantable cardioverter 
defibrillator depend on the urgency of the surgery, whether a pacemaker has 
unipolar or bipolar leads, whether electrocautery is bipolar or unipolar, the 
distance between electrocautery and pacemaker, and pacemaker dependency. 
implantable cardioverter defibrillator devices should be programmed off 
immediately before surgery and then on again postoperatively. 

Supplemental Preoperative Evaluation 

Specific recommendations for supplemental preoperative evaluation must be 
individualized to each patient and circumstance. The following may be appropriate 
in specific situations: assessment of resting left ventricular function, exercise 
stress testing, pharmacological stress testing, ambulatory ECG monitoring, and 
coronary angiography. In most ambulatory patients, the test of choice is exercise 
ECG testing, which can both provide an estimate of functional capacity and detect 
myocardial ischemia through changes in the ECG and hemodynamic response. In 
patients with important abnormalities on their resting ECG (e.g., left bundle-
branch block, left ventricular hypertrophy with strain pattern, or digitalis effect), 
other techniques such as exercise echocardiography or exercise myocardial 
perfusion imaging should be considered. Recommendations regarding individual 
testing modalities are given below. 

Recommendations for Preoperative Noninvasive Evaluation of Left 
Ventricular Function 

Class I. Patients with current or poorly controlled heart failure. (If previous 
evaluation has documented severe left ventricular dysfunction, repeat 
preoperative testing may not be necessary.) 

Class IIa. Patients with prior heart failure and patients with dyspnea of unknown 
origin. 
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Class III. As a routine test of left ventricular function in patients without prior 
heart failure. 

Recommendations for Preoperative 12-Lead Rest ECG 

Class I. Recent episode of chest pain or ischemic equivalent in clinically 
intermediate- or high-risk patients scheduled for an intermediate- or high-risk 
operative procedure. 

Class IIa. Asymptomatic persons with diabetes mellitus. 

Class IIb. 

1. Patients with prior coronary revascularization.  
2. Asymptomatic male more than 45 years old or female more than 55 years old 

with 2 or more atherosclerotic risk factors.  
3. Prior hospital admission for cardiac causes. 

Class III. As a routine test in asymptomatic subjects undergoing low-risk 
operative procedures. 

Recommendations for Exercise or Pharmacological Stress Testing 

Class I. 

1. Diagnosis of adult patients with intermediate pretest probability of CAD.  
2. Prognostic assessment of patients undergoing initial evaluation for suspected 

or proven CAD; evaluation of subjects with significant change in clinical 
status.  

3. Demonstration of proof of myocardial ischemia before coronary 
revascularization.  

4. Evaluation of adequacy of medical therapy; prognostic assessment after an 
acute coronary syndrome (if recent evaluation unavailable). 

Class IIa. Evaluation of exercise capacity when subjective assessment is 
unreliable. 

Class IIb. 

1. Diagnosis of CAD patients with high or low pretest probability: those with 
resting ST depression less than 1 mm, those undergoing digitalis therapy, or 
those with ECG criteria for left ventricular hypertrophy.  

2. Detection of restenosis in high-risk asymptomatic subjects within the initial 
months after percutaneous coronary intervention (PCI). 

Class III. 

1. For exercise stress testing, diagnosis of patients with resting ECG 
abnormalities that preclude adequate assessment, e.g., pre-excitation 
syndrome, electronically paced ventricular rhythm, rest ST depression greater 
than 1 mm, or left bundle-branch block.  
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2. Severe comorbidity likely to limit life expectancy or candidacy for 
revascularization.  

3. Routine screening of asymptomatic men or women without evidence of CAD.  
4. Investigation of isolated ectopic beats in young patients. 

Recommendations for Coronary Angiography in Perioperative Evaluation 
Before (or After) Noncardiac Surgery 

Class I. Patients With Suspected or Known CAD 

1. Evidence for high risk of adverse outcome based on noninvasive test results.  
2. Angina unresponsive to adequate medical therapy.  
3. Unstable angina, particularly when facing intermediate-risk* or high-risk* 

noncardiac surgery.  
4. Equivocal noninvasive test results in patients at high clinical risk** 

undergoing high-risk* surgery. 

Class IIa. 

1. Multiple markers of intermediate clinical risk** and planned vascular surgery 
(noninvasive testing should be considered first).  

2. Moderate to large region of ischemia on noninvasive testing but without high-
risk features and lower left ventricular ejection fraction.  

3. Nondiagnostic noninvasive test results in patients of intermediate clinical 
risk** undergoing high-risk* noncardiac surgery.  

4. Urgent noncardiac surgery while convalescing from acute myocardial 
infarction. 

Class IIb. 

1. Perioperative MI.  
2. Medically stabilized class III or IV angina and planned low-risk or minor* 

surgery. 

Class III. 

1. Low-risk* noncardiac surgery with known coronary artery disease (CAD) and 
no high-risk results on noninvasive testing.  

2. Asymptomatic after coronary revascularization with excellent exercise 
capacity (greater than or equal to 7 metabolic equivalents [METs]).  

3. Mild stable angina with good left ventricular function and no high-risk 
noninvasive test results.  

4. Noncandidate for coronary revascularization owing to concomitant medical 
illness, severe left ventricular dysfunction (e.g., left ventricular ejection 
fraction less than 0.20), or refusal to consider revascularization.  

5. Candidate for liver, lung, or renal transplant less than 40 years old, as part of 
evaluation for transplantation, unless noninvasive testing reveals high risk for 
adverse outcome. 

*Cardiac risk according to type of noncardiac surgery. High risk: emergent major 
operations, aortic and major vascular, peripheral vascular, or anticipated 
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prolonged surgical procedure associated with large fluid shifts and blood loss; 
intermediate risk: carotid endarterectomy, major head and neck, intraperitoneal 
and intrathoracic, orthopedic, prostate; and low risk: endoscopic procedures, 
superficial procedures, cataract, or breast. 

**Cardiac risk according to clinical predictors of perioperative death, MI, or heart 
failure. High clinical risk: unstable angina, acute or recent MI, and evidence of 
important residual ischemic risk, decompensated heart failure, high degree of 
atrioventricular block, symptomatic ventricular arrhythmias with known structural 
heart disease, severe symptomatic valvular heart disease, patient with multiple 
intermediate-risk markers such as prior MI, heart failure, and diabetes; 
intermediate clinical risk: Canadian Cardiovascular Society class I or II angina, 
prior MI by history or ECG, compensated or prior heart failure, diabetes mellitus 
or renal insufficiency. 

Perioperative Therapy or Previous Coronary Revascularization 

Coronary Artery Bypass Grafting 

Indications for coronary artery bypass grafting (CABG) before noncardiac surgery 
are identical to those reviewed in the American College of Cardiology/American 
Heart Association guidelines for coronary artery bypass grafting (see the National 
Guideline Clearinghouse Guideline Summary). Coronary artery bypass grafting is 
rarely indicated simply to "get a patient through" noncardiac surgery. Patients 
undergoing elective noncardiac procedures who are found to have prognostic 
high-risk coronary anatomy and in whom long-term outcome would likely be 
improved by coronary artery bypass grafting should generally undergo 
revascularization before a noncardiac elective surgical procedure of high or 
intermediate risk (see Table 3, above). 

Percutaneous Coronary Intervention 

Until further data are available, indications for percutaneous coronary intervention 
in the perioperative setting are similar to those in the American College of 
Cardiology/American Heart Association guidelines for use of percutaneous 
coronary intervention in general (see the National Guideline Clearinghouse 
Guideline Summary). There is uncertainty regarding how much time should pass 
between percutaneous coronary intervention and noncardiac procedures. Delaying 
surgery for at least 1 week after balloon angioplasty to allow for healing of the 
vessel injury has theoretical benefits. If a coronary stent is used, a delay of at 
least 2 weeks and ideally 4 to 6 weeks should occur before noncardiac surgery to 
allow 4 full weeks of dual antiplatelet therapy and re-endothelialization of the 
stent to be completed, or nearly so. 

Perioperative Medical Therapy 

Recommendations for Perioperative Medical Therapy 

Class I. 

/summary/summary.aspx?view_id=1&doc_id=2121&nbr=1347
/summary/summary.aspx?view_id=1&doc_id=2840&nbr=2066
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1. Beta-blockers required in the recent past to control symptoms of angina or 
patients with symptomatic arrhythmias or hypertension.  

2. Beta-blockers: patients at high cardiac risk owing to the finding of ischemia 
on preoperative testing who are undergoing vascular surgery. 

Class IIa. 

1. Beta-blockers: preoperative assessment identifies untreated hypertension, 
known coronary disease, or major risk factors for coronary disease. 

Class IIb. 

1. Alpha-2 agonist: perioperative control of hypertension, or known CAD or 
major risk factors for CAD. 

Class III. 

1. Beta-blockers: contraindication to beta-blockade.  
2. Alpha-2 agonists: contraindication to alpha-2 agonists. 

Anesthetic Considerations and Intraoperative Management 

Anesthetic Agent 

All anesthetic techniques and drugs have known cardiac effects that should be 
considered in the perioperative plan. There appears to be no one best 
myocardium-protective anesthetic technique. Therefore, the choice of anesthesia 
and intraoperative monitors is best left to the discretion of the anesthesia care 
team, which will consider the need for postoperative ventilation, cardiovascular 
effects (including myocardial depression), sympathetic blockade, and dermatomal 
level of the procedure. Advocates of monitored anesthesia, in which local 
anesthesia is supplemented by intravenous sedation/analgesia, have argued that 
use of this technique avoids the undesirable effects of general or neuraxial 
techniques, but no studies have established this. Failure to produce complete local 
anesthesia/analgesia can lead to increased stress response and/or myocardial 
ischemia. 

Perioperative Pain Management 

Patient-controlled intravenous and/or epidural analgesia is a popular method for 
reducing postoperative pain. Several studies suggest that effective pain 
management leads to a reduction in postoperative catecholamine surges and 
hypercoagulability. 

Intraoperative Nitroglycerin 

There are insufficient data about the effects of prophylactic intraoperative 
intravenous nitroglycerin in patients at high risk. Nitroglycerin should be used only 
when the hemodynamic effects of other agents in use have been considered. 

Recommendations for Intraoperative Nitroglycerin 
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Class I. High-risk patients previously taking nitroglycerin who have active signs 
of myocardial ischemia without hypotension. 

Class IIb. As a prophylactic agent for high-risk patients to prevent myocardial 
ischemia and cardiac morbidity, particularly in those who have required nitrate 
therapy to control angina. The recommendation for prophylactic use of 
nitroglycerin must take into account the anesthetic plan and patient 
hemodynamics and must recognize that vasodilation and hypovolemia can readily 
occur during anesthesia and surgery. 

Class III. Patients with signs of hypovolemia or hypotension. 

Transesophageal Echocardiography 

There are few data on the value of transesophageal echocardiography to detect 
transient wall motion abnormalities in predicting cardiac morbidity in noncardiac 
surgical patients. Experience to date suggests that the incremental value of this 
technique for risk prediction is small. Guidelines for appropriate use of 
transesophageal echocardiography have been published by the American Society 
of Anesthesiologists and the Society of Cardiovascular Anesthesiologists (Practice 
guidelines for perioperative transesophageal echocardiography: a report by the 
American Society of Anesthesiologists and the Society of Cardiovascular 
Anesthesiologists Task Force on Transesophageal Echocardiography. 
Anesthesiology 1996;84: 986-1006). 

Perioperative Maintenance of Body Temperature 

One randomized trial demonstrated a reduced incidence of perioperative cardiac 
events in patients who were maintained in a state of normothermia via forced-air 
warming compared with routine care. 

Perioperative Surveillance 

Pulmonary Artery Catheters 

Although very few studies that have been reported compare patient outcomes 
after treatment with or without pulmonary artery catheters, 3 variables are 
particularly important in assessing benefit versus risk of pulmonary artery 
catheter use: disease severity, magnitude of anticipated surgery, and practice 
setting. The extent of expected fluid shifts is a primary concern. Patients most 
likely to benefit from perioperative use of a pulmonary artery catheter appear to 
be those with a recent myocardial infarction complicated by heart failure, those 
with significant CAD who are undergoing procedures associated with significant 
hemodynamic stress, and those with systolic or diastolic left ventricular 
dysfunction, cardiomyopathy, and/or valvular disease who are undergoing high-
risk operations. 

Intraoperative and Postoperative ST-Segment Monitoring 

Intraoperative and postoperative ST changes indicating myocardial ischemia are 
strong predictors of perioperative myocardial infarction in patients at high risk 
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who undergo noncardiac surgery. Similarly, postoperative ischemia is a significant 
predictor of long-term risk of myocardial infarction and cardiac death. Conversely, 
in patients at low risk who undergo noncardiac surgery, ST depression may occur 
and often is not associated with regional wall-motion abnormalities. Accumulating 
evidence suggests that proper use of computerized ST-segment analysis in 
appropriately selected patients at high risk may improve sensitivity for myocardial 
ischemia detection. 

Recommendations for Perioperative ST-Segment Monitoring 

Class IIa. When available, proper use of computerized ST-segment analysis in 
patients with known CAD or undergoing vascular surgery may provide increased 
sensitivity to detect myocardial ischemia during the perioperative period and may 
identify patients who would benefit from further postoperative and long-term 
interventions. 

Class IIb. Patients with single or multiple risk factors for CAD. 

Class III. Patients at low risk for CAD. 

Surveillance for Perioperative MI 

Few studies have examined the optimal method for diagnosing a perioperative MI. 
Clinical symptoms, postoperative ECG changes, and elevation of the MB fraction of 
creatine kinase (CK-MB) have been studied most extensively. Recently, elevations 
of myocardium-specific enzymes such as troponin-I, troponin-T, or CK-MB 
isoforms have also been shown to be of value (85 to 90). In patients with known 
or suspected CAD who are undergoing high-risk procedures, ECGs obtained at 
baseline, immediately after surgery, and on the first 2 days after surgery appear 
to be cost-effective. A risk gradient can be based on the magnitude of biomarker 
elevation, the presence or absence of concomitant new ECG abnormalities, 
hemodynamic instability, and quality and intensity of chest pain syndrome, if 
present. Use of cardiac biomarkers is best reserved for patients at high risk and 
those with clinical, ECG, or hemodynamic evidence of cardiovascular dysfunction. 

Postoperative and Long-Term Management 

Despite even optimal perioperative management, some patients will have 
perioperative MI, which is associated with a 40% to 70% mortality rate. For 
patients who experience a symptomatic perioperative ST-segment elevation MI as 
a result of sudden thrombotic coronary occlusion, angioplasty should be 
considered after the risks versus benefits have been weighed. Pharmacological 
therapy with aspirin should be initiated as soon as possible, and a beta-blocker 
and angiotensin converting enzyme inhibitor may also be beneficial. Perioperative 
MI carries a high risk for future cardiac events. Patients who sustain acute MI in 
the perioperative period should receive careful medical evaluation for residual 
ischemia and overall left ventricular function. 

It is also appropriate to recommend secondary risk reduction in the relatively 
large number of elective surgery patients in whom cardiovascular abnormalities 
are detected during preoperative evaluations. Although the occasion of surgery is 
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often taken as a specific high-risk time, most of the patients who have known or 
newly detected CAD during their preoperative evaluations will not have any events 
during elective noncardiac surgery. After the preoperative cardiac risk has been 
determined by clinical or noninvasive testing, most patients will benefit from 
pharmacological agents to lower low-density lipoprotein cholesterol levels, 
increase high-density lipoprotein levels, or both. On the basis of expert opinion, 
the goal should be to lower the low-density lipoprotein level to less than 100 mg 
per deciliter (2.6 mmol per deciliter). 

American College of Cardiology/American Heart Association 
Classifications of Evidence: 

Class I: Conditions for which there is evidence for and/or general agreement that 
the procedure/therapy is useful and effective 

Class II: Conditions for which there is conflicting evidence and/or a divergence of 
opinion about the usefulness/efficacy of performing the procedure/therapy 

Class IIa: Weight of evidence/opinion is in favor of 
usefulness/efficacy. 

Class IIb: Usefulness/efficacy is less well established by 
evidence/opinion. 

Class III: Conditions for which there is evidence and/or general agreement that 
the procedure/therapy is not useful/effective and in some cases may be harmful. 

CLINICAL ALGORITHM(S) 

Clinical algorithms are provided for the Stepwise Approach to Preoperative Cardiac 
Assessment and for choosing an Appropriate preoperative stress test. 

EVIDENCE SUPPORTING THE RECOMMENDATIONS 

TYPE OF EVIDENCE SUPPORTING THE RECOMMENDATIONS 

The type of evidence is not specifically stated for each recommendation. 
Observational or retrospective data and expert opinion form the basis of the 
proposed algorithm for preoperative cardiac assessment. Data from observational 
studies for recommendations is compiled in six evidence tables in the original 
guideline document (see Tables 6 through 11). 

BENEFITS/HARMS OF IMPLEMENTING THE GUIDELINE RECOMMENDATIONS 

POTENTIAL BENEFITS 

• Appropriate utilization of invasive and noninvasive tests to evaluate cardiac 
risk in patients undergoing noncardiac surgery  

• Decreased perioperative risk and cardiovascular morbidity (e.g., myocardial 
infarction) and mortality 

http://www.acc.org/clinical/guidelines/perio/update/fig1.htm
http://www.acc.org/clinical/guidelines/perio/update/fig3.htm
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POTENTIAL HARMS 

Not stated 

QUALIFYING STATEMENTS 

QUALIFYING STATEMENTS 

• These guidelines attempt to define practices that meet the needs of most 
patients in most circumstances. The ultimate judgment regarding the care of 
a particular patient must be made by the physician and patient in light of all 
the circumstances presented by that patient.  

• While the collective knowledge surrounding the identification of high-and low-
risk patients using perioperative clinical and noninvasive evaluation is 
substantial, very few prospective or randomized studies have been performed 
that establish the value of tests or treatments on perioperative outcome. 
Because the studies were rarely randomized controlled trial, definitions of a 
perioperative event varied, investigators were rarely blinded, and many 
inherent selection biases existed, the task force has chosen not to provide an 
aggregate synthesis of the data in the form of a point estimate or meta-
analysis. 

IMPLEMENTATION OF THE GUIDELINE 

DESCRIPTION OF IMPLEMENTATION STRATEGY 

An implementation strategy was not provided. 

INSTITUTE OF MEDICINE (IOM) NATIONAL HEALTHCARE QUALITY REPORT 
CATEGORIES 

IOM CARE NEED 

Living with Illness 
Staying Healthy  

IOM DOMAIN 

Effectiveness 
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